Salicylic acid inhibited ethylene formation from ACC in self-buffered (pH 3.8) pear (Pyrus communis) cell suspension cultures with a K1'PP of about 10 micromolar after 1 to 3 hours incubation. Inhibition appeared noncompetitive. Among 22 related phenolic compounds tested, only acetylsalicylic acid showed similar levels of inhibition. Inhibition by salicylic acid was inversely dependent on the pH of the culture medium and did not require a continuous external supply of salicylate. When compared to known inhibitors of the ethylene forming enzyme, cobalt, n-propyl gallate, and dinitrophenol, inhibition by salicylic acid most closely resembled that by dinitrophenol but salicylic acid did not produce the same degree of respiratory stimulation. Results are discussed in terms of other known effects of salicylic acid on plants, pH-dependency, and the possible influence of salicylic acid on electron transport.
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Applications of SA2 and ASA to plants have been shown to influence a wide variety of biological processes including flower stimulation (12) , vegetative bud formation (4) , adventitious root initiation (13) , disease resistance (25) , stomate function (15) , and heat production (24) . Recently Leslie and Romani (16) further demonstrated that these compounds strongly reduce the conversion of ACC to ethylene in pear cell suspension cultures, suggesting they inhibit EFE, the putative terminal enzyme in ethylene biosynthesis. Rapid inhibition, proportional to the concentration of SA or ASA in the medium, maximized within 2 h and was followed by a slower reversal requiring a period of hours to days. This paper further characterizes this inhibition and compares SA activity to under continuous light at room temperature. Experimental additions or manipulations were made following a minimum 1-h equilibration period. ACC was routinely added to increase ethylene production and amplify the effects of SA or other inhibitors. It has been shown, however, that SA inhibits both endogenous and ACC-stimulated ethylene production (16) .
In experiments calling for pH adjustment all culture aliquots were supplemented with 40 mm phosphate buffer and pH was adjusted with HCI or KOH as needed. At this level the P04 did not itselfaffect ethylene production. For SA removal, the cultures were centrifuged (International model HN, swinging bucket rotor) at 1000g for 5 min, the supernatant discarded, and the cells gently resuspended in medium of appropriate pH without SA.
Ethylene measurements were a modification of the procedure used by Puschman and Romani (21) . The (12) noted several SA derived compounds stimulated flowering and suggested activity was due to the salicyl moiety, but several of these compounds (salicyl alcohol, salicin) failed to produce ethylene inhibition in pear cell tests. Although p-amino salicylic acid and 3,5-dinitro salicylic acid proved relatively active among compounds tested, they were much less effective than SA itself. The ineffectiveness of alcohols and noncarboxylated phenols as ethylene inhibitors suggests the carboxyl group is also an important determinant of activity.
LESLIE AND ROMANI Baker et al. (2) demonstrated inhibition of ethylene biosynthesis by benzoic acid at concentrations that were also active in this study (Table I ), but benzoic acid was considerably less active in pear cells than SA or ASA. This disparity in ability to block ethylene biosynthesis contrasts sharply with observations ofbenzoic acid activity equal to or stronger than that of SA in flower induction (10, 26) , vegetative growth (12) , and disease resistance (27) , suggesting different mechanisms may be involved.
SA can chelate metalic ions (26) , and chelation has been suggested as a mechanism for biological activity (11) . In pear cells neither EDTA nor EGTA showed any ability to inhibit ethylene production (data not shown), suggesting the chelating ability of SA is of little importance in ethylene inhibition. Kinetics. Measurements of ethylene production from SA inhibited cells in self-buffered growth medium at pH 3.8 were (29) . When SA and cobalt were compared, the pattern of slow expression and absence of reversal exhibited by cobalt contrasted sharply with the rapid and reversible inhibition demonstrated by SA (Fig. 3) . Time experiments. of several free radical scavengers, including n-propyl gallate, inhibit ethylene production.
In pear cells, ethylene inhibition by n-propyl gallate showed concentration effects and a pattern of rapid onset very similar to those of SA, but the two compounds differed noticeably in the persistence of their inhibition (Table III) . Doses of 200 ,M npropyl gallate showed significant loss of inhibitory effect within 3 to 4 h and even the effects of a 400 ,uM dose substantially reversed within 24 h, while SA doses of 100 ,uM SA remained effective for 24 to 48 h.
Inhibition by n-propyl gallate was also accompanied by noticeable darkening of the pear cell cultures which then recovered their normal color as the effects ofthe inhibitor reversed. Similar darkening of cells was not observed with SA doses as high as 2.5 mm. Differences in reversal times and cell color change suggest that SA does not inhibit EFE by acting as a free radical scavenger, although one cannot discount the fact that these differences could be explained by a relatively much more rapid cellular detoxification of SA.
Uncouplers. The ability of uncouplers to inhibit ethylene pro-, Plant Physiol. Vol. 88, 1988 duction was demonstrated by Yu et al. (28) although the mechanism remains to be clarified. Suggestions have included EFE dependence on membrane potential (8) or on a membrane bound electron transport system (17) .
When SA was compared to the uncoupler DNP the ethylene inhibition curves for the two compounds proved nearly identical but their effects on respiration were very different (Fig. 4) (18) found no uncoupling by ASA, yet this compound is as strong an EFE inhibitor as SA (Table I) .
This absence of correlation between uncoupling behavior and ability to inhibit EFE was also observed by John et al. (9) and led them to conclude that EFE activity was not dependent on membrane potential. Our observations lend support to suggestions EFE is dependent instead on some other membrane asso- ciated function, perhaps electron transport per se hypothesized by McKeon and Yang (17) . This possibility is enhanced by the recent finding that SA also induces heat production in Arum lilies (24) , ostensibly via induction of the alternative electron transport system. Concluding Remarks. Further testing of salicylate related drugs for EFE inhibition could be of interest, particularly 5-chlorosalicylic acid which is both a highly effective flower inducer in Lemna (26) and potent anti-inflammatory compound (22) and diflunisal, a highly therapeutic biphenyl derivative of salicylate (22) . The use of newly developed pro-drugs whose effects depend on their metabolism in vivo to form SA or ASA could also aid understanding of how salicylate affects ethylene production.
SA or SA derivatives have been widely isolated from many plants at levels (14, 23) comparable to those employed here to inhibit ethylene production and at least one instance of physiological activity by endogenous SA has been demonstrated (24) . The possibility that endogenous SA also plays a role in ethylene regulation in plants or that some effects of exogenous SA application are mediated by altered ethylene metabolism remains to be explored.
In view of its diverse biological effects and apparent role in membrane related physiology, further exploration of the effects of SA in plants seems warranted. Regardless of any endogenous role as an inhibitor of EFE activity, SA should prove useful in studying ethylene biosynthesis.
